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Introduction

With the development of telecommunication technology, mo-
bile phones have been rapidly introduced to the public over the 
past few decades. The number of telecommunication subscrib-

ers in South Korea (hereafter Korea) in 2009 was greater than 
the entire population [1], which is also true worldwide [2]. 
Communication using a mobile phone has become a part of 
daily living of contemporaries.

A mobile phone terminal, which is a type of low-power, wire-
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less transmitter-receiver, is a source of radiofrequency-electro-
magnetic fields (RF-EMF) [3]. In addition, mobile phone calls 
require the establishment of mobile phone base stations. There-
fore, the use of mobile phones increases the risk of RF-EMF ex-
posure to the general population [4].

The most important health effects of RF-EMF exposure due 
to mobile phone use are brain tumors. Previous large-scale, epi-
demiological studies reported that mobile phone use might in-
crease the risk of brain tumors, including glioma, meningioma, 
and acoustic neuroma [5,6]. On the basis of these studies, the 
International Agency for Research on Cancer classified the RF-
EMF from mobile phones as possibly carcinogenic to humans 
(Group 2B) [7,8]. However, a correlation between exposure to 
RF-EMF and health effects does not have a solid scientific basis 
[9], which makes the issue controversial. Nevertheless, on the 
basis of precautionary principle, efforts should be made to iden-
tify the health effects of RF-EMF exposure.

Few studies have clearly explained the cause and effect relation-
ships between various types of health effects and mobile phone 
use. Some studies have shown that mobile phone use may cause 
non-specific symptoms, such as fatigue, headaches, dizziness, 
skin symptoms, a burning sensation, eye pain, discomfort, sleep 
disorders, and anxiety [10]. Non-specific symptoms, which may 
be defined as “medically unexplained symptoms,” may occur in a 
population even when the level of environmental risk factors is 
lower than required by the safety standards [11].

Previous studies have suggested that headaches, which are a type 
of non-specific symptom, might be correlated with mobile phone 
use [12-14]. This cross-sectional study analyzed the correlations 
between the characteristics of mobile phone usage (frequency 
and duration) and symptoms related to daily living, such as head-
aches, stress, cognitive function, depression, and sleep patterns.  

Materials and Methods

Study Subjects
The present study was conducted with a non-patient popula-

tion group established by the Korean Genome and Epidemiolo-
gy Study (KoGES-Ansan). The KoGES-Ansan is a community-
based prospective cohort study, and which has been conducted 
since 2011 [15]. The subjects of the present cross-sectional 
study are participants of the KoGES-Ansan who visited the Ko-
rea University Ansan Hospital between 2012 and 2013 for a 
medical examination. All subjects consented to participation in 
the present study. In the KoGES-Ansan, a regular medical ex-
amination is performed at 2-year intervals when the subjects 
visit the hospital. Among the subjects who underwent the medi-
cal examination in 2012 or 2013, 532 subjects underwent a fol-
low-up examination two years later in 2014 or 2015. The results 
of the investigation performed with the 532 subjects in 2012 
and 2013 are provided on this article, whereas the follow-up 
data, including the results of the investigation performed in 
2014 and 2015, will be provided in our future work.

All subjects were adults over the age of 40 who had used a mo-
bile phone for several years. The investigation items of the present 
study were approved by the Centers for Disease Control and Pre-
vention (Korea CDC) and the human subjects review committee 
in Korea University supervising the KoGES-Ansan. In addition, 
informed consent was obtained from all subjects.

Data Collection and Variables
Professional medical staff performed the survey and examina-

tion. The survey of each item was conducted via a one-to-one 
interview. The survey items associated with the characteristics 
of mobile phone use included the average number of daily 
phone calls using a mobile phone. In addition, the average dura-
tion of one phone call in minutes was investigated. Mobile 
phone use included both transmission and reception, but ex-
cluded text message transmission and reception, and the use of 
the Internet and other information services. To reduce recall 
bias, mobile phone use was assessed as a breakdown of the mo-
bile phone bill provided in a hard copy or through a mobile 
phone application.

Table 1 summarizes the survey items that were investigated to 

Table 1. Heath effect survey items				  

Health outcome Applied tool Score range Meaning Reference

Headache HIT-6 36-78 A higher score indicates a more severe headache 16, 17
Psychosocial well-being PWI-SF 0-54 A higher score indicates a higher risk of stress 18, 19
Depression BDI 0-63 A higher score indicates more severe depression 19, 20
Dementia (daily activities) K-IADL 7-21 A higher score indicates a higher dependency 21
Stress PSS 0-40 A higher score indicates a higher level of recognized stress 22, 23
Sleep quality PSQI 0-21 A higher score indicates poorer sleep quality 24, 25
Physical and mental health SF-12 12-56 A higher score indicates a lower health level 26, 27

HIT-6, Headache Impact Test-6; PWI-SF, Psychosocial Well-being Index-Short Form; BDI, Beck Depression Inventory; K-IADL, Korean-Instrumental Activities of Daily 
Living; PSS, Perceived Stress Scale; PSQI, Pittsburgh Sleep Quality Index; SF-12, 12-item Short Form Health Survey.				  
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understand the health effects of mobile phone use on the sub-
jects. First, the Headache Impact Test-6 (HIT-6), which is a 
structured survey inventory used to assess the adverse effects of 
headaches on quality of life, was employed to assess the correla-
tion between mobile phone use and headaches [16,17]. The 
Psychosocial Well-being Index-Short Form (PWI-SF) was uti-
lized to assess the state of mental health [18,19], and the Beck 
Depression Inventory (BDI) was employed to assess the level of 
depression in the subjects [19,20]. The Korean-Instrumental 
Activities of Daily Living (K-IADL) was used as an inventory to 
assess the occurrence of dementia due to cognitive dysfunction 
in the elderly [21]. We also used the Perceived Stress Scale (PSS) 
for the assessment of recognized stress [22,23], the Pittsburgh 
Sleep Quality Index (PSQI) for the assessment of sleep quality 
[24,25], and the 12-item Short Form Health Survey (SF-12) for 
the assessment of the overall health level [26,27]. The majority 
of these survey inventories were developed in other countries, 
and the reliability and validity of these inventories have been rec-
ognized. The Korean versions of the inventories have also been 
recognized in terms of their reliability and validity.

With regard to headaches, the severity was divided into three 
groups according to the HIT-6 score for further evaluation. The 
HIT-6 score ranges from 36 to 78 points: a score less than or 
equal to 49 points was expressed as “little or no impact of head-
ache”; a score between 50 and 55 as “moderate impact of head-
ache”; and a score greater than 55 as “substantial or severe im-
pact of headache” [28].

The average duration of one phone call in minutes was divided 
into long-time use and short-time use. The reference value of 
long-time use according to the specific absorption rate, which 
represents the thermal effect of electromagnetic radiation, is six 
minutes [29]. The cut-off for long-time use of mobile phone call 
was established as five minutes per call in the recent epidemio-
logical study [30]. In this study, five minutes of call duration per 
call was approximately 80th percentile. In addition, in the several 
epidemiological studies have already reported relationships be-
tween the call duration and health outcomes, cut-off lines of 
“heavy use” for call duration were defined the 3rd quartile or 80th 
to 90th of all data [31,32]. Therefore, an average duration of one 
phone call equal to or longer than five minutes was expressed as a 
long-time use, while an average duration of one phone call short-
er than five minutes was expressed as a short-time use.

Statistical Analysis
In the present study, the intensity of mobile phone call use was 

estimated using the variables of the daily average number of calls 
using a mobile phone and the average duration of one phone 
call. We analyzed the correlations between these variables and 

the scores of various assessments of health status by performing 
a linear regression analysis. In addition, Student’s t-tests were 
performed to compare the severity of headaches between the 
long-time and short-time use subjects. Odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated using a logistic 
regression analysis to assess the significance of differences in the 
HIT-6 scores between the little or no, moderate, or substantial 
or severe impact subgroups in subjects whose average mobile 
phone call duration was equal to or longer than five minutes.

The SPSS version 23.0 (IBM Corp., Armonk, NY, USA) was 
used to perform statistical analyses. Significance was tested at 
95% and 99% statistical credibility (p < 0.05 and 0.01).  

Results 

Table 2 shows the demographic characteristics of the subjects. 
A total of 532 subjects visited the hospital between 2012 and 
2013 to undergo the survey and a health screening. The average 
age of the subjects was 57 years. The median daily average num-
ber of phone calls was five. The median of the average duration 
of one phone call was 1.5 minutes. The duration of one phone 
call was less than five minutes in approximately 80% of the sub-
jects. The significant differences of mobile phone use character-
istics and the distribution of HIT-6 score between both sexes 
were not found (data were not shown).  

Correlations between each variable for mobile phone uses and 
health outcomes are shown on Table 3. The variable of average 
frequency of call per day was significantly correlated with PSS 
(both sexes) and HIT-6 (only for males) as well as call duration 
with HIT-6 (both sexes). 

The results of the linear regression analysis of the mobile 
phone call characteristics and health effect variables showed a 
significant positive correlation between the average duration of 
one phone call and the severity of headaches in both sexes (Ta-

Table 2. Demographic characteristics of the subjects			 

Variable n (%)
Median 

(1st-3rd quartile)

Sex
   Female 298 (56.0)
   Male 234 (44.0)
Age 57.0 (53.0, 63.0)
Average frequency of calls (n/d) 5.0 (3.0, 10.0)
   <5 214 (40.2)
   5-<10 156 (29.3)

143 (26.9)
Average call duration (min/call) 1.5 (1.0, 3.0)
   <5 426 (80.1)
   5-<10 35 (6.6)
   ≥10 47 (8.8)
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ble 4). The daily average number of phone calls was significantly 
correlated with a higher PSS score in female, but not male, sub-
jects. The PWI-SF stress index, the BDI, the cognitive dysfunc-
tion (dementia) index (K-IADL), and the PSQI scores, as well 
as the overall health status index (SF-12) scores, were not signif-
icantly correlated with the daily average number of mobile 
phone calls and the duration of one phone call. Only headache 
severity (HIT-6 score) showed a significant correlation with the 
phone call characteristics.

Figure 1 shows the HIT-6 score distribution in the long-time 
and short-time use groups. The mean (standard deviation) 
HIT-6 score was 42.48 (7.20) in the short-time use group 

(n = 417), and 45.98 (8.15) in the long-time use group (n = 80). 
These results indicated that the mean HIT-6 score was signifi-
cantly higher in the long-time use group compared with the 
short-time use group (p < 0.001 by Student’s t-test).

The severity of headaches was divided into three levels accord-
ing to the HIT-6 score, and a logistic regression analysis was 
performed to assess the severity of headaches in the long-time 
use group (Figure 2). Compared with the “little or no impact of 
headache” subgroup, which is the weakest headache severity, 
the OR (95% CI) of subjects in the long-time use group who 
were classified as having a “moderate impact of headache” was 
2.22 (1.78 to 4.19), and that classified as having a “substantial or 

Table 4. Results of a linear regression analysis with respect to mobile phone call characteristics and health effect variables				  

HIT-6 PWI-SF BDI K-IADL PSS PSQI SF-12

Female (n=298)
Frequency 0.02 0.42 0.01 0.02 0.11 -0.02 -0.05

(-0.12, 0.16) (-0.14, 0.97) (-0.12, 0.14) (-0.01, 0.05) (0.02, 0.20)* (-0.07, 0.04) (-0.16, 0.07)
Call time (min) 0.07 -0.01 < -0.01 < -0.01 < 0.01 < 0.01 -0.01

(0.02, 0.13)* (-0.07, 0.05) (-0.05, 0.05) (-0.02, 0.01) (-0.11, 0.12) (-0.02, 0.03) (-0.06, 0.04)
Male (n=234)

Frequency 0.04 -0.08 -0.03 < 0.01 0.02 -0.01 -0.03
(-0.01, 0.10) (-0.20, 0.04) (-0.07, 0.01) (-0.01, 0.01) (-0.03, 0.07) (-0.03, 0.01) (-0.06, 0.01)

Call time (min) 0.10 -0.07 0.04 < -0.01 0.05 < 0.01 -0.01
(0.04, 0.17)** (-0.15, 0.02) (-0.01, 0.09) (-0.01, 0.01) (-0.03, 0.12) (-0.02, 0.03) (-0.05, 0.03)

The numbers in parenthesis mean the regression coefficient (95% confidence interval).
Adjusted variables were age, alcohol consumption, smoking, and body mass index.							     
HIT-6, Headache Impact Test-6; PWI-SF, Psychosocial Well-Being Index-Short Form; BDI, Beck Depression Inventory; K-IADL, Korean-Instrumental Activities of Daily 
Living; PSS, Perceived Stress Scale; PSQI, Pittsburgh Sleep Quality Index; SF-12, 12-item Short Form Health Survey.					   
*p<0.05, **p<0.01.							     

Table 3. Pearson’s correlation coefficient between each data investigated								      

Frequency Call duration HIT-6 BDI K-IADL PSS PSQI SF-12

Female
Frequency 1
Call duration 0.013 1
HIT-6 -0.011 0.191** 1
BDI 0.049 0.059 0.148* 1
K-IADL 0.026 -0.052 0.069 0.182** 1
PSS 0.128* 0.008 0.159* 0.231** 0.059 1
PSQI -0.029 -0.001 0.205** 0.295** 0.116* 0.017 1
SF-12 -0.030 -0.014 0.153** 0.464** 0.265** 0.112 0.381** 1

Male
Frequency 1
Call duration 0.007 1
HIT-6 0.241** 0.227** 1
BDI -0.052 -0.031 0.175** 1
K-IADL -0.011 -0.035 -0.041 0.240** 1
PSS 0.195* 0.012 0.247** 0.006 -0.041 1
PSQI -0.088 -0.077 0.028 0.387** 0.045 0.028 1
SF-12 -0.044 -0.085 -0.063 0.502** 0.280** -0.075 0.220** 1

Frequency, average frequency of call per day; Call duration, average call duration per call (min/call); HIT-6, Headache Impact Test-6; BDI, Beck Depression Inventory; 
K-IADL, Korean-Instrumental Activities of Daily Living; PSS, Perceived Stress Scale; PSQI, Pittsburgh Sleep Quality Index; SF-12, 12-item Short Form Health Survey.	
*p<0.05, **p<0.01.								      
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severe impact of headache” was 4.44 (2.11 to 8.90). The Pear-
son’s correlation coefficient with the HIT-6 score calculated 
with the individual phone call duration as a continuous variable 
was 0.221, which was also significant (p < 0.001). 

Discussion 

This study showed that there was a significant positive correla-
tion between the average duration of one phone call and the se-
verity of headaches in both sexes. Conversely, the daily average 
number of phone calls showed no correlation with the health 
effect items investigated in the present study, and the duration 
of one phone call was not associated with health effects other 
than headache severity independently, although headaches had 
significant correlated with depression, stress, sleep and health 
status. 

In a large population-based, cross-sectional study conducted 
in 2009, Berg-Beckhoff et al. [33] employed inventories similar 
to those used in the present study to assess the correlation of far-
field (from a mobile phone base station) exposure to RF-EMF 
with sleep quality (PSQI), headache severity (HIT-6), psycho-
somatic complaints (von Zerssen list), physical and mental 
health (SF-36), and chronic stress (Trier Inventory for Chronic 
Stress), and reported that the above-mentioned health effects 
were not correlated with the RF-EMF exposure levels.

However, mobile phone calls are associated with near-field ex-
posure to RF-EMF. The correlation between mobile phone use 
and headaches has previously been reported in several studies. 
Similar to the result of the present study, it has been reported 
that the headache severity perceived by mobile phone users was 

greater as the duration of a phone call using a mobile phone was 
increased [12,34,35]. In addition, it has been reported that the 
heat sensation adjacent to the ears was increased as the duration 
of a phone call using a mobile phone was increased [36,37], and 
a considerable number of the subjects who complained of this 
heat sensation also complained of headaches [38]. If a headache 
is defined as all types of pain experienced at the head, the heat 
sensation at the head, including the ears, may be one of the 
causes of headaches. The mechanism by which heat sensations 
might cause headaches has not clearly been identified, and the 
effect of heat sensations on other types of health effects, includ-
ing mental health symptoms, a decreased quality of sleep, and 
the overall health status, as well as the severity of headaches, has 
not been sufficiently described. However, the results of the pres-
ent study may be reasonably explained if a long-time phone call 
using a mobile phone causes heat sensations at the part of the 
body in contact with the mobile phone, and the heat sensation 
leads to a headache.

In the present study, the mobile phone use characteristics were 
investigated through a survey. Since the RF-EMF exposure due 
to mobile phone calls was not actually measured, the results 
might not have meaning as a quantitative exposure assessment. 
Therefore, the limitation of the present study was the lack of evi-
dence that the headache effect identified in the subjects was 
caused by RF-EMF exposure. In addition, since the present 
study was based on a cross-sectional design, the results might 
not clearly explain the cause and effect relationship between 
mobile phone calls and health effects. This is also a limitation of 
studies applied epidemiologic designs. Experimental trials with 
quantitative measuring of RF-EMF exposure levels have diffi-
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Figure 1. Comparison of Headache Impact Test-6 (HIT-6) score distribu-
tion between the group of subjects whose average duration of one phone 
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culties to be applied to large-size population and to find repre-
sentative value of exposure. The situation of mobile phone use 
may mean behaviors of study subjects for a long time rather 
than temporary exposure levels. There are many epidemiologi-
cal studies reported relationship between mobile phone and 
health effects through the methods of questionnaires like our 
study [10]. Some researchers questioned the information col-
lected through interviews or questionnaires from the point of 
view of reliability of exposure assessment. To reduce recall bias-
es, the way including reviewing mobile phone subscriber re-
cords as well as self-reports or interviews are recommended 
[39] like our study.      

Despite a number of limitations, the present study demon-
strated that mobile phone call duration was positively correlated 
with headache severity. The correlation between mobile phone 
call duration and the headache effect suggests that the duration 
of mobile phone calls might be correlated with other electro-
magnetic hypersensitivity symptoms (EHS), with the exception 
of stress, sleep, and physical and mental health, in a different 
manner.

This study aimed to quantitatively assess the effects of mobile 
phone use characteristics on various types of health effects. 
However, the health effect symptoms, with the exception of 
headache severity, showed no significant correlation with mo-
bile phone use. The symptoms investigated in the present study, 
which included a decreased quality of sleep, stress, and the over-
all health status of the subjects, as well as headaches, were repre-
sentative EHS. These symptoms are considered as non-specific 
and subjective, and thus the medical probability of these symp-
toms is unclear. Nevertheless, it is not appropriate to place all 
symptoms into one category of ‘non-specific’ symptoms. It is 
necessary to recognize that the various types of symptoms that 
might be associated with mobile phone use might have different 
patterns and underlying mechanisms, and thus more extensive 
investigations of the symptoms are required.

This cross-sectional study is part 1 of our whole study includ-
ing cross-sectional and follow-up design with a duration of two 
years. In the following study, results of follow-up will be suggest-
ed as an article of part 2.  
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